Introduction
Like any other animal, broilers have basic needs that have to be satisfied in an appropriate environment to maintain animal well-being. For this purpose, broilers should have the possibility to run freely, peck, scratch, flap their wings, groom their plumage, and rest and sleep undisturbed (Broom, 2001 ). The German Order on the Protection of Animals and the Keeping of Production Animals (2006) (German designation: Tierschutz-Nutztierhaltungsverordnung, 2006) provides only the minimum requirements for the rearing of broilers. Therefore, meat-producing chickens conventionally are raised in deep-litter systems without access to environmental enrichment in an almost unstructured environment. A law mandating the provision of enrichment stimuli for commercial broilers does not exist. Occurring problems in industrial livestock production have been publicized over the past years, and consumer awareness has measurably increased according to various studies and consumer surveys (Deimel et al., 2010) .
Animal welfare that implies both physical fitness and a sense of well-being is a very complex term. Animal welfare is often defined by the 5 freedoms by which the important factors are summarized, also known as Brambell's (1965) 5 freedoms, author of the commissioned investigation report, now expanded and established by the FAWC (2009): "1. Freedom from hunger or thirst; 2. Freedom from discomfort; 3. Freedom from pain, injury, or disease; 4. Freedom to express normal behavior; and 5. Freedom from fear or distress." According to Sundrum (1998) , husbandry conditions can be assumed animal friendly when species-specific behavior is enabled, adaptability of the animals is not overburdened, and behavior patterns are not restricted in a way that pain, suffering, or injury occurs. Well-being of animals is therefore mainly dependent on if and how the animal deals with different situations and is able to satisfy its needs. The term well-being or welfare can therefore be seen as a state or condition of an animal (Broom, 1991) . The animals themselves are indicators of their husbandry environment, so animal-based measures, such as animal behavior, can be used to evaluate the environment's suitability for animal welfare, and assessments are at present mandatory by German law. Our aim was to evaluate if species-specific behavior is performed and to what extent the provided enrichment is used by the slowergrowing broiler strain Cobb Sasso under field conditions. Results of this study concerning the animal health can be found in Bergmann et al. (2016) and Westermaier (2015) .
Animals, materials, and methods
Because of the organizational structure in Germany, all broiler farmers are usually bound from the origin of the chicks up to slaughter. Therefore, all hatching eggs in general originate from German parent flocks and are supplied as day-old chicks. All chicks in the present study were obtained from the hatchery Brüterei Süd ZN (branch) of the BWE-Brüterei Weser-Ems GmbH & Co. KG, Regenstauf, Germany. For the newly introduced Cobb Sasso broiler, German parent flocks needed to be established first, and therefore hatching eggs were purchased from contractual partners. All broilers were slaughtered at the Donautal-Geflügelspezialitäten Straubing, Zweigniederlassung (branch) of the Lohmann & Co. AG, Bogen, Germany.
Subjects and experimental design
Two German broiler farms (Table 1) , one with the usual conventional rearing scheme and one with the alternative rearing concept, were available for the parallel evaluation of data during 6 rearing periods per farm between August 2011 and June 2012. The first fattening period carried out on the farm with the alternative rearing concept was used for training purposes; therefore, the rearing periods are numbered 2-7. An additional 2 rearing periods were carried out with Ross 308 broilers under the alternative rearing concept with provided enrichment. For economic reasons, the realization of 6 rearing periods for the last described concept was not feasible in the field at that time, but results can give an outlook for the future. Both broiler farms are located in Lower Bavaria in Germany approximately 50 km apart from each other and are contract farmers to the Wiesenhof Geflügel-Kontor GmbH, Visbeck, Germany. Identical internal standard management regulations needed to be followed by both farms. These farms were selected because of their similar fattening results in conventional broiler rearing before our studies.
Because type and composition of animal feed is prescribed by the company, feed (starter, rearing I and II, and finisher) was at all times obtained from MEGA Tierernährung GmbH & Co. KG, Visbek, Rechterfeld, Germany. The birds were provided with feed and drinking water ad libitum. As litter material, shredded, hydrothermally dried, germ-free, and pelletized straw Strohcobs (Trocknungsgenossenschaft Röckersbühl eG, Bernau, Germany) was used. The light intensity was reduced from initially 100 lx at the beginning of the fattening period to 40-60 lx. A dark phase of 6 consecutive hours was programmed to the housing computer during the time from 10:00 pm to 4:00 am at the alternative farm and from midnight to 6:00 am at the conventional farm. Altogether 8 drinker lines with 300 nipple drinkers each supplied fresh water in drinking water quality, and 5 feeding belts with 80 feeding pans each were installed for the feeding of the broilers in the barn of the alternative farm (Table 1) . The conventional farm provided 6 drinker lines with 515 nipple drinkers each and 4 feeding belts with altogether 548 feeding pans (Table 1) . Two heat exchangers, 7 Casablanca ceiling fans and 6 summer ventilators with a total output of 258,000 m 3 /hour, ensured fresh air supply and air exchange in the alternative barn, and 6 circulation fans (144,000 m 3 /hour) and 3 summer fans (120,000 m 3 /hour) ensured the same via a vacuum air venting system in the conventional barn. On both farms, the temperature was automatically reduced from a starting temperature of 30-33 C to an end temperature of 15-19 C during all rearing periods. At least twice a day the farmers made their rounds to check on the well-being of the broilers. Access to the barns was provided via hygiene sluice, and protective clothing was provided at all times.
Farm with enriched environment and Cobb Sasso broilers
For the alternative rearing concept, the provision of perches, pecking stones, straw bales ( Figure 1A and B) and access to a roofed outside run (synthetic winter garden) is mandatory. The roofed outside run (Figure 2 ) was attached along both long sides of the barn (all the right side and 1/3 of the left side) and accessible to the birds no later than the 20th day of life via 27 openings that measured 1.18 Â 0.45 m each. The broilers always spent the nights inside the barn, and on cold, windy, and wet days, the openings stayed closed. Spelt was chosen as litter material for the roofed outside run. Five polyvinyl chloride perches (LAE-Anlagenbau GmbH, Cuxhaven, Germany) with a total length of 515 m (15.9 m per 1000 birds) were installed in the barn. The perches were height adjustable and fitted according to the increasing age and weight of the birds. The mushroom-type cross section of the perches was designed to allow the birds an adequate grip. In addition, the upper side was coated with an antiskid material for the same reason. At the beginning of each new fattening period, 54 straw bales (1.7 bales per 1000 birds) and 34 pecking stones (1.1 pecking stones per 1000 birds) were evenly distributed throughout the barn. To ensure comparability of the different fattening periods, these items were always placed at the same location. The pecking stones (Table 1) were made of hard-pressed and dried wheat bran provided by SWB-Kraftfutter, Baldramsdorf, Germany. Altogether, 12 previously determined pecking stones during each rearing period were weighed on days 5, 15, 30, and 40 (the last day only for Cobb Sasso).
Behavior observation
For the behavioral observations inside the barns and the roofed outside run, video recordings were conducted to avoid interferences with observers and the observed animals that can occur during direct observations. Altogether, 6 triangle-shaped cameras (type VTCeE220IRP with IR_LED; Santec Video Technologies, Ahrensburg, Germany) were installed in each of the 2 barns in the same arrangement. Because of the cleaning and disinfection of the barns between each rearing period, a fixed installation of the sensitive cameras was not feasible. Therefore, always 2 cameras were mounted on altogether 3 stepladders per barn that could easily be removed between the rearing periods. To achieve an even overview over the functional areas in the barns, the ladders were distributed in the front, middle, and back sections of each barn. In addition to the cameras in the barn, 4 outdoor cameras (type CCTV, WV-CP 480; Panasonic Europe, Bracknell, Great Britain) were installed in the roofed outside run of the barn with the alternative rearing concept. Each picture detail per camera was fixed on 2 openings from the barn to the winter garden and the area in between.
Video recordings were carried out simultaneously in both barns throughout each rearing period in a weekly 48-hour interval, beginning with the first day after arrival of the chicks in the barn. After 24 hours, the camera and video were evaluated. Observation days were days 2, 9, 16, 23, 30, and 37 (the last only on the farm with the alternative rearing concept with Cobb Sasso). The weekly recordings were used to evaluate the behavior according to an ethogram (Table 2 ) at all ages during each rearing period and to assess the birds' use frequency and intensity of the provided enrichment materials such as straw bales and pecking stones. The analysis was carried out according to the sampling and recording rules of Martin and Bateson (2007) . Therefore, during every week of life of a rearing period, 12 screenshots were taken at a predetermined time, starting at 1:00 am and ending at 11:00 pm, every 2 hours throughout the day.
Because the birds did not have access to the roofed outside run ( Figure 2 ) until day 20 and the openings had to be opened and closed manually by the farmer, the analysis of the video evaluation here differs from the previously described. Screenshots were taken and analyzed on days 23, 30, and 37 on an hourly basis, at all times beginning with every full hour from the opening until the closing of the openings to the roofed outside run. The analysis was also dependent on the outdoor temperatures, rainfall, and lighting conditions. Data material was not available throughout all observation days because the access openings were not continuously open. Therefore, not all questions concerning the outside run usage can be answered. Possible influencing climate parameters such as temperature ( C), rainfall (mm/hour), and sunshine duration (minutes/hour) were obtained from the closest weather station provided by the German Meteorological Service, located in Mühldorf/Inn, Germany.
Statistical analysis
Recording and analysis of the obtained video material were performed with the program IndigoVision Version Control Center 4 (Indigo Vision Ltd, Edinburgh, Great Britain) that contains applications for viewing, controlling, and recording. All data were stored on external hard drives (portable type, 1 TB; Western Digital, Irvine, CA). Descriptive and exploratory methods were used for the analyses of the video observations. To this end, the empirical distribution of all enumerated and evaluated behavioral patterns was determined by dividing the corresponding number of animals by the total number of animals within the video frame. This way, statements about all behavioral patterns at different conditions and the intensity of use of the provided enrichment material are possible.
To account for the different rearing periods, generalized linear mixed models with fixed and random effects were used for the analyses. In particular, the observed proportions were treated as binomial response variables with the number of animals in the frame as approximate weights. To account for repeated measures within the rearing periods, random intercepts and random slopes for the effect of interest (age) were included in the model. This procedure allows statistically reliable statements about the probabilities for observing a certain behavior over all rearing periods. Furthermore, the effect of age on behavior can be measured by odds ratios (ORs). Statistics were done using the R language (R version 3.2.2) for statistical computing (R Core Team, 2015) . Graphs and plots were produced using the package ggplot2 (Wickham, 2009) . For modeling, the package Ime4 (Bates et al., 2015) was used. Data values of all 6 (2) rearing periods for each rearing concept were summarized. Because the recorded behavior patterns grooming and dust bathing were only shown at a small percentage, these were also summed up as comfort behavior in the text. Data with Ross 308 broilers under alternative conditions (2 rearing periods) give a first outlook into possible future scenarios in conventional poultry farming. Further investigations are desirable. Please note that a direct statistical comparison of the broiler strains is limited by the missing crossover design because field studies require complex logistics with several tens of thousands of animals and were therefore not feasible during the project. Results were considered significant when the P value was smaller than 0.05.
Results
The average live weight (AEstandard deviation [SD] ) of the animals shortly before slaughter was 1888 g AE 310.6 (day 40, n ¼ 600) for Cobb Sasso, 1742 g AE 239.6 (day 32, n ¼ 200) for alternatively reared Ross 308, and 2176 g AE 288.4 (day 35, n ¼ 600) for conventional Ross 308. No significant differences for the effect of age across all 6 rearing periods were observed for the variables pecking at straw bales (P ¼ 0.212) and dust bathing (P ¼ 0.428) in the alternatively reared Cobb Sasso strain (rearing periods 2-7), and for the variable dust bathing (P ¼ 0.961) in the conventionally reared Ross 308 strain (rearing periods 1-6). For most of the remaining behavior variables, Table 2 Ethogram used for the assessment of behavior from video recordings (Wilutzky, 2015) Behavior unit Operational definition Lying/resting Bird lies in the litter while the head rests on the ground or is erected; the eyes may be open or shut Locomotion Bird moves at a fast or slow pace and eventually flaps its wings Grooming (self-grooming)
All behavior patterns associated with the cleaning and maintenance of the own body surface by using the beak; the bird may stand up or lie down Foraging by standing/scratching/pecking Bird stands in upright position with both feet on the ground, uses both feet alternatively to paw at the ground, and/or lowers its head from time to time to peck at or move litter material in search of food Eating The bird's head is above the feeding trough and surrounding area, and the bird is actively taking in food Drinking
Bird is actively taking in water by pecking at nipple drinkers or drinking out of the drip pan Dust bathing Combined preening and scratching behavior (maintenance behavior). Bird pecks and scratches at the litter material, then squats down in the substrate, and follows an organized sequence of behavior patterns Behaviors associated with provided environmental enrichment only Lying around straw bales Bird lies in immediate proximity to straw bale Pecking at straw bales Solitary straw of the bale is pecked at and/or pulled out of it Being on top of straw bales Bird jumps, climbs, or flutters onto straw bale and then lies or stands on top Lying around pecking stones Bird lies in immediate proximity to pecking stone Pecking at pecking stones Bird pecks toward/at the pecking stone Usage of perches Bird is located on perch in either sitting or standing position; it can be awake or resting/sleeping the estimated global effect of age was positive, that is, with increasing age of the birds, we expected a general increase in the behavior variables. Results of the behavioral parameters are presented in Tables 3  and 4 , and the effect of day of life on behavioral parameters is presented as OR in the text where appropriate and in Figure 3 and Table 5 .
Alternative rearing of Cobb Sasso
Lying and resting behavior Data from lying and resting behavior around straw bales are excluded here and shown in the results of the environmental enrichment utilization. Thus, 23.30% of the Cobb Sasso birds were lying and resting on day 2 (Table 3) . Lying and resting increased noticeably over the 6 observation days. Between day 2 and day 37, an increase of 32.17% points was observed. This progression was supported by the statistical analysis, from which we estimated an OR of 1.047 (95% confidence interval [CI]: 1.041, 1.054; P < 0.001), that is, the chance of observing this behavior increased with each day by 4.7% (Table 5 ).
Locomotion and foraging
The Cobb Sasso broilers were in locomotion 2.80% of the time on day 2. The chance of observing this behavior decreased with each day by 1.2% (Table 5) . Foraging behavior (standing/pecking/ scratching) was shown by 13.13% of the birds on day 2. The level decreased on day 9 to 8.61% and remained at similar values until day 30 (8.57%). By day 37, the percentage decreased to 5.94% (Figure 3 ; Tables 3 and 5 ).
Feeding and drinking
On day 2, 5.48% of the Cobb Sasso birds were feeding. On day 37, 12.07% of the broilers were feeding. The small but steady increase was supported by the statistical analysis, from which we estimated an OR of 1.002 (95% CI ¼ 1.011, 1.033; P < 0.001). Thus, the chance of observing this behavior increased with each day by 0.2% (Table 5 ). The percentage of birds showing drinking behavior ranged between an average of 2.63% (day 37) and 3.85% (day 23). For drinking behavior, also see Figure 3 as well as Tables 3 and 5 .
Grooming and dust bathing
The Cobb Sasso birds showed little comfort behavior, ranging from 0% (day 2) to 0.60% (day 37) (Figure 3 ; Tables 3 and 5 ).
Alternative rearing of Ross 308
Lying and resting behavior
In total, 18.88% of all observed alternatively reared Ross 308 birds were lying and resting on day 2 (lying and resting around enrichment such as straw bales is excluded from these data). Lying and resting increased moderately over the 6 observation days. Between day 2 and day 30, an increase of 25.73% points was observed (Table 3 ). The chance of observing this behavior increased with each day by 3.6% with an estimated OR of 1.036 (95% CI ¼ 1.035, 1.038; P < 0.001) (Figure 3 ; Table 5 ).
Locomotion and foraging
Of the alternatively raised Ross 308 chicks, 3.19% were observed running on day 2, whereas 11.34% showed foraging behavior (Table 3) . Locomotion (OR, 0.939; 95% CI ¼ 0.931, 0.946; P < 0.001) and foraging behavior (OR, 0.982; 95% CI ¼ 0.979, 0.985; P < 0.001) decreased significantly over the 6 observation days. The chance of observing locomotion behavior decreased with each day by 6.1% and that of observing foraging behavior by 1.8% (Figure 3 ; Table 5 ). Total number of observed birds is provided in parentheses. All performed rearing periods (n ¼ 6) are summarized.
Feeding and drinking
Feeding behavior continuously increased from 5.06% (day 2) to 11.99% (day 30). This progression was supported by the statistical analysis, from which we estimated an OR of 1.039 (95% CI ¼ 1.035, 1.042; P < 0.001) (Tables 3 and 5). Drinking behavior was seen in an average of 4.00% of the alternatively reared Ross 308 broilers, ranging between 3.51% (day 16) and 3.99% (day 2) (Figure 3 ; Tables 3 and 5 ).
Grooming and dust bathing
On day 2, the smallest percentage of alternatively reared Ross 308 broilers showing comfort behavior was observed with 0.30%.
The chance of observing grooming behavior increased with each day by 5.8% and that of observing dust bathing by 4.9% (Figure 3 ; Tables 3 and 5 ).
Conventional rearing of Ross 308 Lying and resting behavior
On the second rearing day, 52.23% of the observed conventionally reared Ross 308 broilers showed lying and resting behavior. Shortly before slaughter on rearing day 30, altogether 77.21% of the birds were lying and resting (Table 4) . Thus, the chance of observing birds lying and resting increased with every day of life by 3.4% (OR, 1.034; 95% CI ¼ 1.030, 1.037; P < 0.001) (Figure 3 ; Table 5 ).
Locomotion and foraging
On day 2, 5.26% of the conventionally reared Ross 308 broilers were seen running. The percentage of broilers in locomotion continuously decreased to 0.45% (day 30). The chance of observing birds in locomotion decreased with every day of life by 7.8% (OR, 0.922; 95% CI ¼ 0.908, 0.937; P < 0.001) ( Table 5) . At the beginning of the observation (day 2), 23.76% of the broilers showed foraging behavior (standing/pecking/scratching). The level then decreased noticeably with every day of life by 4.2% (Figure 3 ; Tables 4 and 5 ).
Feeding and drinking
The percentage of conventionally reared Ross 308 birds feeding on day 2 was 13.72%. On the last observation day, 10.73% were observed feeding (Tables 4 and 5 
Grooming and dust bathing
The conventionally reared Ross 308 broilers showed little grooming and dust bathing, ranging from 0.27% on day 2 to 0.60% shortly before slaughter on day 30. Dust-bathing behavior increased with every day of life by 3.6% (Figure 3 ; Tables 4 and 5).
Utilization of enrichment by Cobb Sasso and Ross 308 broilers

Straw bales
Most of the observed Cobb Sasso birds on day 2 were lying and resting, and 43.54% did so around the provided bales of straw (Figures 4 and 5) . Also, 51.07% of the alternatively reared Ross 308 broilers rested near and around the straw bales ( Figure 5 ). The chance of observing birds lying around the straw bales decreased with every day of life by 7.3% (OR, 0.927; 95% CI ¼ 0.920, 0.934; P < 0.001) for the Cobb Sasso strain and by 6.6% (OR, 0.934; 95% CI ¼ 0.932, 0.936; P < 0.001) for the Ross 308 strain (Table 5 ). The percentage of birds using the straw bales as elevated resting areas ( Figure 6 ) increased for both broiler strains. The chance of observing birds using the straw bales as elevated areas increased with every day of life by 5.9% (OR, 1.059; 95% CI ¼ 1.042, 1.077; P < 0.001) for the Cobb Sasso strain and by 9.8% (OR, 1.098; 95% CI ¼ 1.088, 1.108; P < 0.001) for the Ross 308 strain (Table 5) . Neither Cobb Sasso chicks nor Ross 308 chicks used the top of straw bales on day 2. As of day 2, the chicks started pecking at the straw bales at a similarly high level (Cobb Sasso: 6.70%, Ross 308: 6.11%; day 2). This activity decreased over time until slaughter (Figure 3 ; Table 5 ). Pecking at straw bales was not observed during the dark phase.
Perches
Perches were not used on the second day of rearing, neither by Cobb Sasso nor by Ross 308 birds (Figure 7) . On day 9, 0.88% of the Cobb Sasso birds and 2.52% of the Ross 308 birds used the provided perches. During the dark phase between 10:00 pm and 4:00 am, hardly any broiler was observed using the perches. Only on day 30 and day 37, individual birds sat on the perches at night but never more than 1.44%. The chance of observing birds using the perches increased with every day of life by 5.1% (OR, 1.051; 95% CI ¼ 1.037, 1.066; P < 0.001) for the Cobb Sasso strain and by 9.8% (OR, 1.098; 95% CI ¼ 1.091, 1.105; P < 0.001) for the Ross 308 strain (Figure 3 ; Table 5 ). Peaks in usage could be observed at the beginning and end of the light phase at 5:00 am and 9:00 pm. In total, more Ross 308 than Cobb Sasso broilers used the perches.
Pecking stones
About 0.47% of the Cobb Sasso and 0.55% of the Ross 308 broilers lay around the provided pecking stones, whereas 0.72% (Cobb Sasso) and 0.82% (Ross 308) pecked at the stones on day 2. The chance of observing birds pecking at pecking stones increased with every day of life by 3.2% for both the Cobb Sasso strain (OR, 1.032; 95% CI ¼ 1.022, 1.043; P < 0.001) and the Ross 308 strain (OR, 1.032; 95% CI ¼ 1.091, 1.105; P < 0.001) (Figure 3 ; Table 5 ). To show possible substance loss of the pecking stones because of pecking activity, 12 previously determined stones were weighed on days 5, 15, 30, and 40 (day 40 only for Cobb Sasso). On day 5, the pecking stones offered to Cobb Sasso broilers had an average weight (AESD) of 1168 g AE 93.8. They showed a small substance loss to 1087 g AE 98.1 on day 15 and a substantial loss to 513 g AE 122.8 on day 30 with a further weight loss to 51 g AE 54.0 (minimum, 4 g; maximum, 141 g) on day 40 shortly before slaughter. On day 5, the pecking stones used in the alternative rearing concept with Ross 308 had an average weight (AESD) of 1001 g AE 136.0. They showed a substance loss to 931 g AE 139.2 on day 15 and weighed 268 g AE 221.1 (minimum, 0 g; maximum, 955 g) on day 30 shortly before slaughter. Pecking at pecking stones was not observed during the dark phase in both chicken strains.
Roofed outside run
The smallest number of Cobb Sasso broilers used the roofed outside run on day 23. With temperatures below 7 C, the birds were not seen in the outside run at this age. Clearly, more birds were observed on day 30 and with outdoor temperatures around 5 C. The largest number of birds used the outside run on day 37, even with temperatures around 1 C. Comparisons between the 6 rearing periods showed that the warmer the outdoor temperatures were, the more birds could be expected to use the roofed outside run.
Although outdoor temperatures on day 23 for alternatively reared Ross 308 broilers with 10-15 C were warmer than on day 30 with temperatures below 10 C, fewer birds were seen in the outside run on day 23 than on day 30. Compared with the low activity inside the barn (9.60% running), 41.39% of the birds in the outside run were observed running on day 23. The activity level decreased with age, although more birds (19.36%) could be observed running in the roofed outside run than inside the barn (5.94%).
Discussion
Resting was the most frequently observed state during the scientific recording in both rearing concepts and broiler strains. This finding agrees with that of Son (2013) . However, the descriptive analysis of the resting behavior showed differences between the rearing concepts. The enriched environment especially seemed to influence the resting behavior of the observed broilers. Beginning on day 2, a considerably larger number of chicks were observed lying and resting in the alternative than the conventional rearing concept. According to Oester (2005) , chicks sleep close to each other on the ground during the first few days of life. We observed this kind of sleeping behavior mainly in the alternative concept, where the chicks huddled together and used mainly the straw bales ( Figure 5 ), but occasionally the pecking stones and perches were also used as shelter during the resting period. The conventionally reared Ross 308 chicks rarely showed this behavior and lay mostly apart from each other in the litter material scattered over the whole barn floor area. With increasing age, this shelter-seeking huddling behavior around the straw bales decreased, whereas the resting behavior in the conventionally reared Ross 308 broilers increased considerably until slaughter.
In a study by Son (2013) , resting (lying) behavior was observed as the most common behavior at all evaluated densities; it ranged between 76.0% and 85.7% and tended to occur more in the high-density group (42-44 kg/m 2 ) than the low-density group (30-32 kg/m 2 ). Similarly, Martrenchar et al. (1997) found that the level of activity was lowest at the highest stocking density (43 kg/m 2 ). In a study performed by Zupan et al. (2003) , who evaluated the resting behavior of broilers in 3 rearing systems (intensive, free range, and organic), the highest percentage of resting behavior on the floor (52.70%) was also observed in the most intensive system, whereas the lowest (15.51%) was found in the free-range system. Zupan et al. (2003) explained the higher percentage in the intensive system with the higher stocking density of 24.2 animals per m 2 compared with 14.6 animals per m 2 in the free-range system. These stocking densities (or floor space allowances per bird) correspond to the stocking densities in the present study and may indicate a lack of space for the birds to move at higher stocking densities with growing age. Furthermore, Zupan et al. (2003) mentioned a possible difference between fast-and slow-growing broilers. Genetic differences can also be a reason for the higher percentage of resting behavior we found in the conventional and fast-growing broiler strain. The broilers of the fast-growing Ross 308 strain spent more time sitting than the slower-growing Cobb Sasso broilers. In contrast, Bokkers and Koene (2003) found no difference in the resting behavior of fast-and slow-growing broilers.
Age had little effect on the resting behavior in the less intensive systems studied by Zupan et al. (2003) , whereas Ohara et al. (2015) found that age had a significant effect on some behaviors. With increasing age, the behaviors feeding, stand-resting, and moving decreased, whereas sit-resting increased (Ohara et al., 2015) . Lying increased with age according to a study by Weeks et al. (2000) . The same was observed in our study in both rearing systems. The number of perching broilers in the study by Ohara et al. (2015) decreased with age from 3 to 8 weeks. Because the broilers in the present study did not reach the age of 8 weeks and were slaughtered between 30 (Ross 308) and 42 (Cobb Sasso) days of age, the data were only evaluated up to these dates. During that time, perching behavior increased up to day 30 in the Cobb Sasso broilers but decreased shortly before slaughter. An increase in perching behavior with age was also observed in the Ross 308 broilers reared in the alternative system.
Resting on perches requires practice by chickens to accomplish this skill. In nature, the chicks follow the mother hen onto elevated resting locations by the age of 6-7 weeks (Wood-Gush et al., 1978) . In the present study, the chicks started using the perches as early as day 9, and physical condition, desire, and experience seemed important to manage usage. Thus, our data could not confirm the statement of several authors that lighter birds perch more frequently than heavier birds. As more investigations of heavy broiler strains reared with environmental enrichment under field conditions are needed, this conclusion needs to be handled carefully. Although the perches were accepted by some of the birds, the available perch space was not completely occupied during the observation days. A rather low perch use that increased with age was also observed by Hongchao et al. (2013) . Low perching frequencies of 1%-2% and 2.6% were also observed by Su et al. (2000) and Pettit-Riley and Estevez (2001) , respectively, who suggested walking ability of birds and proximity of perches to pen sides as possible causes.
In our study, the perches could swing sideward to some extent. The lower use during nighttime might be a sign that sideward swinging perches are not being favored by broilers during night rest. In contrast, the bales of straw were fully occupied by resting birds as of day 9 during both nighttime and daytime and therefore seemed to be the more favorable elevated resting area to fulfill the species-specific behavior of enemy avoidance as described by Newberry et al. (2001) and Oester (2005) . The design of perchesdespecially diameter and shapedis also an important aspect for an adequate use by the birds (Oester, 2005) . The perches in this Figure 5 . Percentage of birds using the provided straw bales as shelter in the course of the rearing on days 2, 9, 16, 23, 30, and 37 (day 37 only Cobb Sasso). All performed rearing periods (n ¼ 6 for Cobb Sasso enriched and n ¼ 2 for Ross 308 enriched) are summarized. n.s., not significant. Figure 6 . Percentage of birds using the provided straw bales as elevated areas in the course of the rearing on days 2, 9, 16, 23, 30, and 37 (day 37 only Cobb Sasso). All performed rearing periods (n ¼ 6 for Cobb Sasso enriched and n ¼ 2 for Ross 308 enriched) are summarized. n.s., not significant. study might not meet the birds' needs and require further evaluation.
In line with the study by Bokkers and Koene (2003), clear differences in the locomotion behavior existed between the fastgrowing and slow-growing broilers. The slow-growing Cobb Sasso strain showed a higher level of activity than the fast-growing Ross 308 strain beginning from day 16. A higher body weight, higher stocking densities, and the resulting lack of space especially during the last days of fattening are possible reasons for this difference (Reiter and Bessei, 1999 ) that also seems to be age dependent. To what extent the environmental enrichment can be accounted for this difference cannot clearly be identified because of many factors influencing the locomotion activity of the broilers. The density of the provided straw bales in our study was 1 bale per 37 m 2 (or 1.7 bales per 1000 birds). Kells et al. (2001) compared the density of 1 bale per 17 m 2 of floor area with no provided straw bales and found a significant increase in the activity level. Bailie and O'Connell (2014) could not find a significant influence of provided straw bales with a density of 1 bale per 29 m 2 (45 bales per barn).
The broilers of the present study tended to be more active in the roofed outside run than inside the barn. This finding supports the statement by Ruis et al. (2004) that birds with access to an outside run rest more inside the barn and prefer to be active outside. In line with the findings of Dawkins et al. (2003) and Ruis et al. (2004) , the birds in our study preferred warmer temperatures for the usage of the roofed outside run. The greatest number of birds was observed in the outside run when the birds had grown older. At the beginning of possible access to the outdoor area from day 20, relatively few birds made use of this possibility. Species-specific predator avoidance and cautiousness can play a role in the beginning, and therefore, a certain habituation effect cannot be excluded.
Over the whole observation time, a larger percentage of conventionally reared Ross 308 broilers were observed feeding, supporting the findings of Bokkers and Koene (2003) that fastgrowing broilers spend clearly more time feeding than slowgrowing broilers. By day 2, more of the Ross 308 broilers (10.23%) than the Cobb Sasso broilers (7.61%) were observed feeding. The feeding activity was highest in both strains and rearing concepts on day 9.
Pecking stones and straw bales were well used, showing that the need for pecking is not satisfied by feeding alone. The behavioral feeding complex comprises different individual behavior patterns, and scratching and especially pecking are the essential elements (Oester et al., 1997) . For example, during the light phase, red junglefowl spends 60.6% of the time budget pecking and 34.1% scratching (Dawkins, 1989) . The Ross 308 birds reared under conventional conditions also spent more time drinking than the alternatively reared Cobb Sasso birds. It is possible that the higher feed intake of Ross 308 birds stimulated the drinking frequency.
The behavior patterns of grooming and dust bathing occupied only a small amount of the total time budget and remained on a similarly low level in both strains throughout each rearing period. Genetic traits also had no influence on comfort behavior in the study by Bokkers and Koene (2003) . As the percentage of performed dust-bathing behavior and grooming was similar in both rearing concepts and both broiler strains, genetic factors and environmental enrichment as used in the present study did not seem to influence this behavior. Other factors are most probably more important and may include chosen litter material (Shields et al., 2004) , litter quality (Bokkers and Koene, 2003) , stocking density and age (Meluzzi and Sirri, 2009) , and leg health (Vestergaard and Sanotra, 1999) . In a choice test study conducted by Villagrá et al. (2014) where 40 one-day-old Ross broiler chicks with access to 4 different bedding materials were used, sand was clearly preferred by the birds. The authors stated that when sand is available, the broilers tend to dust bathe and tend to not perform dust-bathing behavior on other offered substrates. This substrate preference may be one reason why the birds showed so little dustbathing behavior in the present study. The litter quality was surely another important factor because the litter quality (moisture content) deteriorated with the duration of each rearing period in the present study (Bergmann et al., 2016) . In a study done by Murphy and Preston (1988) , no dust-bathing behavior at all was observed, and the authors concluded that this might reflect the unimportance of this behavior to the birds. Nowadays, it is commonly known that dust-bathing behavior is a behavioral need, and chronic deprivation leads to abnormal dust-bathing behavior and reduces animal welfare (Van Liere, 1992). Percentage of birds using the provided perches in the course of the rearing on days 2, 9, 16, 23, 30, and 37 (day 37 only Cobb Sasso). All performed rearing periods (n ¼ 6 for Cobb Sasso enriched and n ¼ 2 for Ross 308 enriched) are summarized. n.s., not significant.
Conclusion
The birds in this study made good use of the provided enrichment during all rearing periods. Especially the usage of straw bales as shelter during the first few days of life and as elevated resting areas and pecking elements later on show a great importance of enrichment for the broilers. Further research is required to determine an optimum amount and design in the provision of enrichment in (commercial) broiler rearing. It cannot be recommended to further forgo providing the straw bales, especially, during standard intensive broiler production. The provision of environmental enrichment in broiler rearing can stimulate species-specific behaviors and therefore can increase animal welfare while meeting consumer requirements in an economic way. Meat produced under the described alternative concept with Cobb Sasso broilers is at present available at 30% more costs on the German market and qualified for the Animal Welfare Label by the German Animal Welfare Association (German designation: Deutscher Tierschutzbund e. V.) in January 2013. With a total of 630 million slaughtered broilers in the year 2015, alone, in Germany (Destatis, 2016), the newly introduced alternative concept can have an effect on the poultry meat sector to ensure the future of bird health and bird welfare.
